Figure 1. Bcl-X L Expression during Terminal Erythroid Differentiation Is Induced by Epo (A) p53
Ϫ/Ϫ mouse erythroblasts (clone I/11) were induced to differentiate in standard differentiation medium plus Epo/Ins and cytospins prepared at 24 hr intervals. Black arrows, immature erythroblasts; gray arrowheads, hemoglobinized (brownish stain), partially mature nucleated erythroid cells; black arrowheads, mature, enucleated erythrocytes; white arrowheads, extruded nuclei. (B) Aliquots from differentiating I/11 cells were analyzed for Bcl-X L mRNA (left; 18S: 18S ribosomal RNA, loading control) and protein (right; total cell lysates, using a mouse-specific Bcl-X L antibody). (C) Cultures of I/11 cells were differentiated in the presence (ϩEpo) or absence (ϪEpo) of Epo and aliquots analyzed for Bcl-X L mRNA (left) and protein (right) as above. Cells ϪEpo after 72 hr could not be analyzed, due to massive apoptosis. Bcl-X L protein appears as a double band due to phosphorylation, which was not always resolved due to different gel systems; compare (B) and (C). sion cascade of key erythroid transcription factors. Erytion but was strongly induced between 24 and 36 hr of differentiation, remaining nearly constant until the end throid progenitors protected from apoptosis by exogenous Bcl-X L or Bcl-2 executed the erythroid differentiaof the process at 72 hr ( Figure 1B , right panel). Expression of Bcl-2 protein could neither be detected in proliferattion program even in the complete absence of any exogenous signals, as shown by using fully defined media.
ing nor in differentiating erythroid cells ( Figure 5B ). Previous work on erythroid cell lines dependent on This indicates that Epo controls erythroid differentiation via Bcl-X L -mediated apoptosis protection. In the presEpo for proliferation had indicated that signaling via the EpoR caused induction of Bcl-X L , protecting proliferatence of Bcl-X L or Bcl-2, terminal erythroid maturation proceeds as a cell-autonomous process, triggered by ing cells from apoptosis [7, 16, 17] . We therefore addressed in our model system whether EpoR signaling removal of renewal factors, which seem to repress this intrinsic default pathway in committed erythroblasts.
was required for induction of Bcl-X L during terminal erythropoiesis. I/11 erythroblasts were induced to differentiate in the presence or absence of Epo and analyzed Results at different time points for differentiation parameters as well as for expression of bcl-X L mRNA and protein. As Epo-Dependent Expression of Bcl-X L during expected, erythroid cells started to undergo massive Synchronous Red Cell Maturation apoptosis after 48 hr of culture in the absence of Epo Recently, we described cultures of immortalized eryth-(data not shown) and failed to express Bcl-X L at any time roblasts from p53-deficient mice (clone I/11), which ( Figure 1C ) but differentiated normally in the presence of closely resemble primary erythroid progenitors with reEpo and expressed high amounts of bcl-X L mRNA and spect to renewal factor dependence and normal eryprotein after 48 hr ( Figure 1C ). In conclusion, Epo is throid differentiation [8, 14] . We screened for potential required for the induction of Bcl-X L late during erythroid Epo target genes by expression profiling [8] during syndifferentiation, in line with its role in protection against chronous, terminal erythroid maturation of these cells apoptosis. (Figure 1A) .
Of all the apoptotic and antiapoptotic genes represented on the cDNA arrays, the most striking regulation Exogenous Expression of Bcl-X L Rescues Differentiation of Erythroid Cells was exhibited by bcl-X L , a member of the bcl-2 gene family with antiapoptotic function. Bcl-X L mRNA levels in the Absence of Epo Next we analyzed whether expression of exogenous remained low during the first 20 hr of erythroid differentiation but were strongly upregulated in the maturing cells Bcl-X L could substitute for Epo signaling during erythroid differentiation. For this, I/11 erythroblasts were after 48 hr, a finding confirmed by Northern blot analysis ( Figures 1A and 1B) were stably infected, thus, no sorting was required, and Another important feature of normal erythroblast difall experiments were performed with infected mass culferentiation is that the cells undergo three to four "differtures [18] . As shown in Figure 2A , exogenous bcl-X L entiation divisions," causing a 10-to 20-fold increase mRNA as well as protein was stably expressed at high in cell number during maturation. These divisions are levels ( Figure 2A, left panel) . Bcl-X L expression did not characterized by a shortened G1 phase and rapid size alter the dependence of renewing cells on proliferation decrease [14, 19] . Interestingly, in the absence of Epo, factors (Epo/SCF/Dex). In the absence of these factors, I/11-Bcl-X L cell numbers still increased Ͼ10-fold, while Bcl-X L -overexpressing erythroblasts ceased to prolifer-I/11-GFP control cells rapidly died and disintegrated ate within 24 hr but underwent cell death only after 6-8 ( Figure 2E As expected, I/11 control cells rapidly died when kept in defined medium lacking cytokines was only marginally less efficient than maturation of control WT-GFP erythin Dex alone (ϭ absence of Epo and SCF). In the presroblasts under optimal conditions (serum-containing ence of renewal factors, they continued to proliferate at medium plus Epo). a clearly reduced rate ( Figure 4C ), indicating the requireIn addition, WT-GFP and WT-Bcl-X L erythroblasts ment of additional, unknown components for maximal were analyzed for CFU-E colony formation in presence proliferation. More interestingly, the Bcl-X L -expressing and absence of Epo ( Figure 5B ). With Epo, both cell I/11 erythroblasts maintained in this medium plus Epo/ types gave rise to CFU-E colonies of comparable size SCF/Dex proliferated almost as fast as control cells (Figand with their primary counterparts in that they require no or between 1.5 to 4 ϫ 10 6 cells/ml. For some experiments, proliferation reaction buffer (Roche), 0.5 nM FluoroLink Cy5-dCTP (Amersham), and 12.5 U TdT (Roche) for 1 hr at 37ЊC. Cells were washed once was carried out in fully defined medium (basal StemPro34ீ medium lacking Nutrient supplement), containing 6.6 mg/ml highly purified with HBS and resuspended in HBS containing 10 g/ml DAPI to determine DNA content and subjected to flow cytometry. BSA (Ͼ99% pure, Sigma, #A0281) plus renewal factors (Epo, SCF, Dex, IGF-1) and iron-saturated transferrin (300 g/ml; Roche). Cell numbers and size distribution were determined in an electronic cell Acknowledgments counter (CASY-1, Schä rfe-System); proliferation kinetics and cumulative cell numbers were calculated as described [14] .
We 
